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SOME  TOWED  LINE  HYDROPHONE  ARRAYS 
FOR  SEISMIC  REFLECTION  PROFILING 


C.  C.  Windisch  and  J.  I.  Ewing 

Ship-towed  line  hydrophone  arrays  have  been  used  in  offshore 
geophysical  prospecting  for  many  years.  More  recently  their  use  has 
been  expanded  to  deep-ocean  seismic  reflection  and  refraction  studies 
carried  out  by  various  universities ,  private  companies  and  government 
agencies.  Unfortunately,  the  types  of  towed  line  hydrophones  most 
commonly  employed  for  offshore  seismic  work  are  not  well  suited  to 
deep  ocean  techniques  for  many  reasons.  Noteworthy  among  these  are 
their  great  size  and  cost  and  their  inability  to  operate  effectively 
at  the  normal  cruising  speeds  (8-12  knots)  of  oceanographic  vessels. 

The  initiation  of  a  continuous  deep-ocean  seismic  reflection  profiling 
program  at  Lamont  in  i960  precipitated  an  investigation,  albeit  a 
rather  empirical  one,  of  towed  hydrophone  arrays  suitable  for  this 
type  of  work.  During  the  subsequent  six  years  more  than  five  hundred 
thousand  miles  of  seismic  reflection  data  have  been  gathered  with 
these  devices .  This  report  summarizes  the  several  types  of  line  hydro¬ 
phones  that  have  been  used  or  evaluated  in  the  Lamont  marine  seismo- 
logical  programs  and  offers  some  general  comment  about  their  perform¬ 
ance  . 
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General  Statement 

The  important  aspect  of  any  towed  line  hydrophone  array  is 
that  it  exhibits  directional  characteristics  over  some  specific  range 
of  frequencies.  A  marine  geophysical  array  is  designed  to  have  a  maxi¬ 
mum  sensitivity  to  sound  received  from  directions  normal  to  its  towing 
axis.  In  this  way  output  resulting  from  noise  that  is  received  from 
angles  of  less  than  90°  to  the  axis  of  the  array  is  reduced  relative 
to  the  output  resulting  from  seismic  energy  that  is  normally  reflected 
from  the  sea  bottom  and  sub -bottom.  The  frequency  range  of  interest 
in  most  marine  geophysical  studies  usually  lies  below  200  Hz. 

Most  of  Lamont ' s  towed  hydrophone  arrays,  or  "eels"  -  as  they 
have  been  called  -  contain  from  four  to  twenty  hydrophones  spaced  uni¬ 
formly  inside  a  length  of  hose  or  plastic  tubing.  The  tubing  is  fill¬ 
ed  with  an  appropriate  fluid  to  provide  acoustical  coupling  between 
hydrophones  and  sea  water.  A  fluid-filled  section  of  tubing  without 
hydrophones  and  approximately  equal  to  one -half  the  length  of  the 
phone  string  is  added  to  each  end  of  the  sensing  section  in  orderto 
isolate  the  hydrophones  from  end  disturbances.  The  "eel"  is  towed 
behind  the  ship  with  a  length  of  negatively  buoyant  multi- conductor 
cable  which  is  fastened  by  a  length  of  shock  cord  to  the  end  of  an 
18-20  foot  boom  located  at  the  stern  of  the  ship.  The  boom  keeps  the 
array  out  of  the  ship's  wake  and  the  shock  cord  serves  to  reduce  the 
effects  of  ship  surge  and  cable  strumming.  Cable  depressors  have  not 
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been  used  and  therefore  the  towing  depth  of  the  eel  has  been  a 
function  of  cable  length  and  ship's  speed.  Except  in  foul  weather, 
ship's  speed  is  maintained  at  10-12  knots  and  the  length  of  tow  cable 
adjusted  to  give  the  best  signal -to-noise  ratio.  Usually  300-1000 
feet  of  cable  is  sufficient. 

Speeds  around  10  knots  are  somewhat  higher  than  usual  for 
marine  geophysical  work  but  they  have  been  restricting  only  as  a  re¬ 
sult  of  the  self  noise  of  the  array,  which  increases  markedly  with 
towing  speed  in  the  range  of  seismic  reflection  frequencies.  While 
attention  to  the  theories  of  array  design  is  important,  the  greatest 
signal -to -noise  ratio  improvement  has  been  realized  by  minimizing 
short  period  accelerations  and  by  using  hydrophones  with  acoustic 
sensitivies  that  are  very  high  relative  to  their  acceleration  sensi¬ 
tivity  . 

General  Theory 

The  theories  of  linear  array  design  have  been  well  covered  in 
underwater  acoustics  handbooks  and  will  not  be  elaborated  upon  here . 
The  following  relationship  is  fundamental: 

P  (6)  =  sin  (  n  d  7r  sin  9  ) 

_ X _ 

n  sin  (  3^-  sin  6  ) 

X 

where  P  ( 9 )  is  the  sensivitity  of  the  array  at  some  angle  9  relative 
to  a  direction  normal  to  the  axis  of  the  array,  n  is  the  number  of 
detectors  or  hydrophones,  d  is  the  distance  between  hydrophones,  and  X 
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the  wavelength.  Thus  the  sensitivity  of  an  array  to  sounds  of  a 
given  wavelength  may  be  plotted  as  a  function  of  their  direction  of 
propagation  relative  to  the  orientation  of  the  array.  (Some  theoret¬ 
ical  directivity  patterns  are  shown  in  Figure  2.) 

It  is  evident  from  the  equation  that  the  low-frequency 
directionality  of  a  linear  array  depends  upon  its  acoustical  length 
(nd)  and  that  its  high-frequency  directionality  depends  upon  detector 
spacing  (d).  In  general,  very  long  towed  arrays  are  well  suited  to 
low-freqency  broad-band  geophysical  applications  and  the  spacing  of 
detectors  in  these  arrays  should  be  considerably  less  than  the  wave¬ 
length  of  the  highest  frequency  of  interest.  Unfortunately,  great 
array  length  is  often  impractical  with  respect  to  cost,  construction, 
or  handling  aboard  ship.  For  these  reasons  the  acoustical  length  of 
Lamont"eels"  has  usually  been  made  to  equal  the  wavelength  of  the 
lowest  frequency  within  some  particularly  useful  range  of  the  sound 
source . 

The  spacing  of  detectors  depends  upon  both  the  desired  high- 
frequency  characteristics  of  the  array  and  the  unit  cost  of  the 
hydrophones .  Densely  spaced  detectors  are  useful  in  approximating  a 
continuously  sensitive  line  and  in  controlling  random  noise.  A 
large  number  of  hydrophones  has  a  further  advantage  in  compensating 
for  the  variable  aging  characteristics  of  certain  types  of  elements 
that  depend  upon  air  as  an  acoustical  coupling  or  pressure  release 
medium.  A  maximum  hydrophone  spacing  equal  to  one-quarter  wavelength 
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of  the  highest  frequency  of  interest  has  "been  found  to  give  adequate 
air  gun  profiles  and  an  even  closer  spacing  is  preferred  for  short 
arrays  (50  ft.  or  less). 

Practice 

Since  the  use  of  towed  hydrophone  arrays  is  intended  to  im¬ 
prove  signal  strength  with  respect  to  noise,  it  is  useful  to  know 
something  about  the  parameters  of  both.  It  has  been  convenient  to 
choose  the  number  and  spacing  of  hydrophones  to  suit  some  useful  part 
of  the  sound  source  output  that  lies  within  the  range  of  seismic  re¬ 
flection  profiling  frequencies.  For  most  deep-ocean  work  this  range 
is  thought  to  be  from  about  15  to  200  Hz.  In  theory  and  in  practice, 
the  lowest  frequencies  in  the  range  are  particularly  important  be¬ 
cause  they  penetrate  the  sea  floor  more  readily  and  therefore  provide 
more  information  in  areas  covered  with  thick  sediments.  However, 
there  may  be  little  to  gain  from  the  low  frequencies  if  the  sediments 
are  particularly  thin  and/or  acoustically  transparent.  The  higher 
frequencies  are  more  useful  for  the  detailed  resolution  of  reflectors 
but  often  at  some  sacrifice  in  penetration.  Generally  speaking,  fre¬ 
quencies  in  the  neighborhood  of  100  Hz  have  offered  a  good  compromise 
between  penetration  and  resolution. 

While  sound  sources  have  included  sparkers,  boomers,  and  gas 
exploders,  most  of  the  Lament  profiles  have  been  gained  with  explos¬ 
ives  or  air  guns.  Explosives  are  typical  high-energy  broad-band 
sources,  whose  low-frequency  content  is  a  function  of  explosives 
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weight  and  shot  depth.  Small  charges,  such  as  half-pound  blocks  of 
TNT,  are  capable  of  providing  useful  seismic  reflections  throughout 
the  range  of  interest.  Eels  designed  for  explosives  profiling  were, 
made  fairly  long  -  100  to  200  f t .  -  in  order  to  take  advantage  of  low 
frequencies.  The  high  signal  strengths  available  with  explosives  were 
equally  useful  in  offsetting  the  higher  noise  levels  experienced  in 
early  eel  designs .  Low  energy  sources  tend  to  be  more  limited  and 
more  selective  in  frequency  content .  The  air  guns  which  have  provided 
most  of  Lamont ’ s  recent  seismic  reflection  data  produce  a  major  por¬ 
tion  of  their  output  between  18-150  Hz,  and  an  eel  with  an  acoustical 
length  of  pO  ft  has  been  found  to  give  good  resalts  within  this  range. 
The  same  array  has  also  given  reasonably  good  results  in  the  20-30  Hz 
range  but  it  is  essentially  non -directional  below  about  b'y  Hz. 

Ambient  noise  as  it  is  interpreted  by  a  seismic  array  is  both 
acoustical  and  mechanical  in  origin  and  increases  with  ship's  speed 
and  at  the  lower  frequencies.  It  is  safe  to  say  that  improvement  in 
the  towing  stability  of  an  array  will  reduce  all  aspects  of  ambient 
noise  which  result  from  the  towing  process.  Neutral  buoyancy,  uniform 
mass  distribution,  smooth  outer  configuration,  small  array  diameter 
and  controlled  tail  movement  are  several  factors  considered  important 
in  reducing  towing  noise.  In  practice  it  is  found  that  the  accelera¬ 
tion  sensitivity  of  the  average  hydrophone  is  too  high  to  allow  its 
use  in  most  towed  hydrophone  arrays.  In  fact  it  appears  that  the 
success  of  an  eel  depends  to  the  greatest  extent  upon  maintaining  a 
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high  ratio  of  acoustical  sensitivity  to  acceleration  sensitivity. 

No  quantitative  measure  of  this  ratio  is  offered.  Another  important 
factor  is  the  use  of  very  sensitive  hydrophones  to  maintain  acoustic 
signal  levels  well  above  the  threshold  of  electrical  noise . 

Hardware 

With  few  exceptions,  the  components  which  have  gone  into  the 
various  eel  designs  have  been  readily  available  commercial  items. 

This  is  important  because  it  is  not  economically  feasible  to  carry 
large  inventories  of  specialty  items  to  support  continuous  seismic 
reflection  programs  on  two  or  three  ships .  On  the  other  hand,  the 
availability  of  suitable  and  reasonably  priced  commercial  hydrophones 
has  been  very  limited.  It  is  acknowledged  that  certain  hydrophone 
designs  were  not  as  carefully  explored  as  those  that  initially  gave 
good  results . 

Hydrophones 

Hydrophones  have  been  divided  into  two  basic  categories  - 
piezoelectric  ceramic  crystals  and  variable  reluctance  marsh-type 
hydrophones .  The  crystal  group  can  be  further  divided  into  cylinders 
and  bimorphs . 

Radially  polarized  crystal  cylinders  were  used  in  the  earliest 
attempts  to  build  seismic  profiling  arrays .  These  cylinders  have  the 
advantage  of  an  ideal  physical  symmetry  and  they  are  available  in 
units  that  are  small  enough  to  fit  in  almost  any  size  tubing.  They 
are  also  capable  of  withstanding  fairly  high  ambient  pressures, 
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depending  upon  their  physical  dimensions,  with  little  loss  in  overall 
sensitivity.  On  the  negative  side  are  the  low  sensitivity  and 
capacitanceof  the  smaller  units.  Furthermore,  the  process  of  con¬ 
structing  a  sensitive,  durable  and  dynamically  balanced  phone  from 
the  cylinders  was  difficult  and  the  end  result  often  inadequate  or 
unpredictable . 

Crystal  bimorphs  are  presently  in  use  in  all  Lamont- sponsored 
seismic  reflection  programs.  This  type  of  unit  has  also  been  used 
for  several  years  by  offshore  oil  prospecting  groups  and  is  commerc¬ 
ially  available  in  several  forms.  Hall  Sears  MP-o,  MP-7  and  Electro¬ 
technical  Laboratories  EVP-9  types  have  been  tried  at  Lamont.  These 
units  all  contain  a  single  crystal  plate  working  in  a  bending  mode. 

The  plates  are  stoppered  to  prevent  injury  from  high  pressure  trans¬ 
ients  or  excessive  ambient  pressure.  The  advantages  of  the  bimorph 
are  its  high  sensitivity  and  capacitance,  its  small  size  and  good 
low-frequency  response.  A  bimorph  also  exhibits  a  very  low  order  of 
sensitivity  to  accelerations  in  directions  parallel  to  the  crystal 
plate,  and  these  directions  are  most  conveniently  oriented  parallel 
to  the  towing  axis  of  the  array.  While  all  crystal  hydrophones 
initially  gave  good  results,  it  was  found  that  a  higher  degree  of 
acceleration  cancelling  was  achieved  by  pairing  bimorphs  back-to-back, 
permitting  satisfactory  operation  at  speeds  of  10-12  knots  and  in  all 
water  depths.  A  similar  but  improved  back-to-back  unit  designated 
the  EVP-23  is  now  available.  Mark  Products  dual  element  P-24  hydro- 
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phones  are  currently  being  evaluated. 

All  bimorphs  have  the  same  disadvantage;  the  crystal  plates 
are  backed  with  a  small  volume  of  air  whose  compression  restricts 
their  maximum  operating  depth  to  around  60  ft. or  less.  Furthermore, 
in  most  designs,  air  volume  decreases  with  use  until  the  crystal 
plate  is  held  firmly  against  its  backing  plate  by  the  ambient  pressure 
and  sensitivity  is  lost.  The  air  loss  has  been  attributed  in  part  to 
the  slight  gas  permeability  of  elastomers  used  in  hydrophone  con¬ 
struction.  While  sensitivity  can  be  restored,  the  prospect  of  dis¬ 
assembling  an  array  aboard  ship  is  never  attractive. 

Variable  reluctance  hydrophones  used  include  Hall  Sears  types 
MP-1  and  MP-4.  The  MP-1  is  a  dynamically  balanced,  low  impedance 
unit  with  a  moderately  high  sensitivity  and  of  a  size  small  enough  to 
permit  its  use  in  relatively  small  diameter  tubing.  It  is  also  most 
conveniently  oriented  with  its  axis  of  minimum  acceleration  sensitivity 
parallel  to  the  physical  axis  of  the  array.  The  MP-1  provided  good 
data  and  reasonably  reliable  service  but  like  a  bimorph  its  operation 
dependg  on  a  pressure  release  which  deteriorates  with  use.  Further¬ 
more,  the  ability  of  the  phone  to  withstand  continuous  immersion  is 
unpredictable . 

The  MP-4  is  a  hybrid-type  hydrophone  which  contains  two 
diaphragm-and-moving-coil-type  sensors  which  face  a  single  air  chamber. 
Acoustic  signals  are  transmitted  to  the  air  chamber  through  the  walls 
of  a  length  of  rubber  tubing  which  serves  as  the  outer  jacket  of  the 
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hydrophone.  While  the  nonlinear  frequency  response  and  high  accelera¬ 
tion  sensitivity  of  the  MP-4  are  incompatible  with  low-energy  sound 
sources,  its  high  sensitivity  and  low  impedance  were  useful  in  early 
array  designs .  Its  dependence  upon  air  as  both  a  coupling  and  release 
medium  is  ill-suited  to  any  routine  requiring  continuous  immersion. 
Array  Casings 

High  axial  and  radial  strength,  good  flexibility  at  all  working 
temperatures,  and  a  smooth,  abrasion-resistant  exterior  are  considered 
desirable  characteristics  for  an  array  (eel)  casing.  The  acoustic 
impedance  of  the  material  relative  to  sea  water  or  to  the  coupling 
fluid  is  not  thought  to  be  important  at  seismic  frequencies  but  its 
density  must  be  considered  in  achieving  neutral  buoyancy.  The  size  of 
the  tubing  usually  depends  upon  the  dimensions  of  available  hydrophones 
but  in  general  the  smallest  diameters  seem  to  offer  quieter  towing  and 
greater  ease  of  handling.  Several  different  types  of  array  casing 
have  been  tried.  These  include  polyvinyl  chloride  tubing,  nylon- 
reinforced  neoprene  hose  and  even  fire  hose.  The  nylon-reinforced 
neoprene  is  costly  but  it  is  very  strong  and  has  been  useful  in 
Antarctic  cold  weather  applications.  The  FVC,  on  the  other  hand,  is 
strong  and  cheap  and  has  a  naturally  smooth  non-wetting  surface .  It 
also  is  readily  available  and  has  sufficient  radial  rigidity  to 
prevent  tubing  distortion  and  hydrophone  damage  in  most  handling 
situations.  The  disadvantages  of  PVC  are  that  it  becomes  brittle 
at  low  temperatures  and  that  it  is  susceptible  to 
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deterioration  from  prolonged  contact  with  most  oil-base  coupling 
fluids.  The  towing  stability  of  cloth-covered  fire  hose  seemed  ex¬ 
cellent  but  its  acoustical  value  was  never  ascertained. 

Polyurethane  tubing  is  presently  being  evaluated.  Excepting 
its  somewhat  higher  cost  and  elasticity,  it  should  be  superior  to 
FVC  in  many  respects  and  particularly  in  cold  weather  operation. 
Coupling  Fluids 

Various  types  of  liquids  have  been  used  to  provide  acoustical 
coupling  between  the  array  casing  and  the  hydrophones.  These  include 
petroleum  derivatives ,  silicones,  vegetable  oil,  alcohol  and  water. 
Certain  advantages  can  be  attributed  to  each  with  respect  to  specific 
gravity,  volume  resistivity,  or  chemical  compatability  with  the  various 
components  of  the  array.  Water,  while  chemically  the  most  compatible, 
is  the  least  desirable  in  all  other  respects.  Silicones  are  expensive 
but  because  the  volume  of  fluid  involved  is  small  their  cost  is  only 
a  small  percentage  of  that  of  the  completed  array.  But  silicones, 
like  petroleum  derivatives,  also  have  harmful  effects  on  certain 
plastics,  elastomers,  and  adhesives.  Vegetable  oil,  specifically 
castor  oil,  is  moderately  costly  but  has  generally  given  the  best 
results .  However,  eel  tubing  must  still  be  replaced  after  six  to  ten 
months  of  use  because  of  deterioration. 

While  the  density  of  the  coupling  fluid  is  important  in  con¬ 
trolling  the  buoyancy  characteristics  of  an  array,  no  obvious  improve¬ 
ment  in  data  can  be  attributed  to  neutral  buoyancy  at  towing  speeds 
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above  J-Q  knots. 

Preamplifiers 

The  impedance  of  the  hydrophones  used  in  the  early  explosives 
arrays  was  low  and  their  sensitivity  was  sufficiently  high  so  as  not 
to  require  any  form  of  preamplification  in  the  array  itself.  The  pre¬ 
amplifier  with  about  20  db  of  gain  was  included  in  the  crystal  bimorph 
eels  used  for  sparker  and  air  gun  profiling.  While  the  preamplifier 
was  used  primarily  as  an  impedance  reducing  device,  its  additional 
gain  has  been  useful  in  maintaining  a  signal  strength  well  above  the 
anticipated  threshold  of  electrical  noise.  The  input  impedance  of 
this  unit  is  1.5  megohms  and  the  output  impedance  about  50  ohms. 
Accessories 

The  various  towing  plugs,  coupling  bulkheads,  and  tail  plugs 
of  Lamont  arrays  have  been  made  of  hard  or  unplasticized  polyvinyl 
chloride.  This  material  is  very  strong  and  relatively  cheap.  It  has 
a  low  specific  gravity,  permitting  a  uniform  mass  distribution  along 
the  length  of  the  array . 

Punch-lok  clamps  are  used  to  join  the  lengths  of  tubing  to  the 
bulkheads  and  end  fittings .  This  type  of  clamp  has  the  advantage  of 
a  very  low  non-turbulent  profile. 

Towing  cables  are  shielded  multi-conductor  types  with  copper- 
weld  members.  Cable  jacketing  is  usually  neoprene  although  poly¬ 
urethane  has  also  been  tried.  Because  no  depressors  are  used,  the 
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depth  of  the  array  is  primarily  a  function  of  the  length  and  the 
physical  properties  of  the  towing  cable.  The  practical  limit  of 
cable  length  is  usually  held  to  about  1000  ft.  and  therefore  cable 
must  be  chosen  for  properties  that  will  take  the  array  to  maximum 
desirable  depth  at  the  maximum  cruising  speed  of  the  ship.  This 
depth  should  be  equal  to  one-quarter  wavelength  of  some  frequency  of 
interest  in  order  to  permit  a  constructive  interference  between  the 
directly  received  seismic  energy  with  that  portion  of  the  energy  which 
is  re-reflected  from  the  air-water  interface.  In  practice  the  need 
and  the  ability  to  maintain  one-quarter  wavelength  depth  in  all  condi¬ 
tions  is  questionable  and  particularly  with  broad-band  sound  sources. 

The  following  list  is  a  summary  of  the  various  towed  hydro¬ 
phone  arrays  which  have  been  used  in  the  Lamont  geophysical  programs. 
Several  of  these  arrays  and  particularly  those  made  with  crystal 
cylinders  were  not  as  carefully  evaluated  as  the  crystal  bimorph  types 
which  initially  gave  better  results.  The  evaluations  were  made  en¬ 
tirely  upon  the  basis  of  the  quality  of  the  seismic  reflection  data 
as  compared  to  that  obtained  with  a  single  slacked  hydrophone .  While 
this  method  may  appear  to  be  in  violation  of  engineering  philosophy, 
its  efficacy  has  been  proven  by  the  large  body  of  data  obtained  and 
at  a  relatively  low  cost . 

The  MK-IX  array  described  herein  is  currently  in  use  and  has 
been  the  most  successful  basic  design  to  date.- 
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MK-VIII 


Hydrophone  Hall  Sears  MP-1,  variahle  reluctance 

Unit  impedance  230,  1800,  5 000  ohms 

Number  of  hydrophones  8-12 

Spacing  of  hydrophones  2-5  ft  depending  upon  number  of  phones  available 

Electrical  hookup  Series -parallel,  depending  upon  unit  impedance 

Type  of  tubing  Clear,  plasticized,  polyvinyl  chloride,  1.5- 

1.75"  I.D.,  0.25"  wall  thickness 


Physical  length  of 

array  25  ft,  50  ft 

Operating  sensitivity  P 

(EST)  -97  db  re  1  volt/dyne/cm  at  100  Hz 

Operating  impedance  Approximately  500-1000  ohms 


Coupling  fluid  Castor  oil,  water,  kerosene 

Towing  cable  Three-conductor,  shielded;  copperweld  con¬ 

ductors,  neoprene  cable  jacket 


In  spite  of  its  nonlinear  response  which  increases  at  about 
6  db  per  octave  from  20-200  Hz,  the  MP-1  is  a  versatile  and  moderate¬ 
ly  sensitive  hydrophone  which  has  given  good  service  with  low  energy 
sound  sources  such  as  sparkers  and  air  guns .  Its  acceleration 
sensitivity  is  low  and  it  is  most  conveniently  oriented  in  an  eel  in 
the  preferred  manner,  i.e.,  with  its  axis  of  pressure  sensitivity 
normal  to  the  towing  direction.  Its  life  expectancy  in  eel  applica¬ 
tions  was  found  to  be  limited  mostly  by  its  inability  to  withstand 
continued  immersion  in  any  of  the  coupling  fluids  employed.  Castor 
oil  was  invariably  found  to  give  the  best  results  with  respect  to 
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materials  compatability  and  volume  resistivity.  In  later  designs , 
lengths  of  refrigeration  hose  insulation  were  included  inside  the 
eel  tubing  to  improve  the  buoyancy  characteristics ,  but  this  change 
did  not  appear  to  improve  data  --at  least  at  normal  profiling  speeds. 

MK-II,  III 


Hydrophone 

Radially  polarized  crystal  cylinders 

PZT  5  composition 

a)  0.5  O.D.  x  1.00"  long  x  0.125"  wall  thick¬ 
ness  . 

b)  1.5  O.D.  x  1.00"  long  x  0.125"  wall  thick¬ 
ness 

Unit  impedance 

a)  3300  pf 

b ) ll000  pf 

Number  of  hydrophones  a)  8 


b)l6 

Spacing  of  hydro¬ 
phones 

a)  6  ft 

b)  12  ft 

ELectrical  hookup 

Single  phones  consisting  of  two  cylinders  bolt¬ 
ed  and  glued  together  to  form  a  capped  and 
dynamically  balanced  pair  separated  by  a  rigid 
bulkhead.  All  units  are  in  electrical  parallel, 

Type  of  tubing 

Clear  polyvinyl  chloride 

a)  0.75  I.D.  x  1.0"  O.D. 

b)  2.0  I.D.  x  2.50"  O.D. 

Physical  length  of 
array 

a)  50  ft 

b)  200  ft 

Operating  sensi¬ 
tivity 

2 

a)  -104  db  re  1  dyne/cm 

b)  -92  db  re  1  dyne/cm2 

Operating  impedance 

a)  500  ohms;  preamplifier  used  in  array  for 
impedance  matching 

b)  500  ohms;  transformer  in  array  for  impedance 
matching 
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Coupling  fluid  a)  Castor  oil 

b)  Diesel  oil 

Towing  cable  Three  conductor  shielded;  copperweld  conductors, 

neoprene  cable  jacket. 

The  crystal  cylinder  arrays  did  not  work  well  initially  and 
for  this  reason  their  true  potential  may  not  have  been  appreciated. 

For  the  most  part  their  signal-to-noise  ratios  seemed  low  and  their 
overall  sensitivity  was  marginal  in  spite  of  their  seemingly  adequate 
sensitivity  ratings .  A  further  disadvantage  of  the  cylinder  eels 
has  been  the  time-consuming  process  of  constructing  acceleration- 
balanced  hydrophones  with  pairs  of  cylinders.  It  is  possible,  how¬ 
ever,  that  the  accelerations  encountered  with  small  diameter  eels  are 
low  enough  in  magnitude  so  as  not  to  require  a  dynamically  balanced 
phone  for  most  geophysical  applications.  The  ability  of  the  crystal 
cylinder  to  retain  most  of  its  sensitivity  at  moderate  pressures 
(deprhs)  is  a  significant  factor  in  its  favor. 


MK-V 


Hydrophone 
Unit  impedance 
Number  of  hydrophanes 


Hall  Sears  MP-4 


500  ohms 


8 


Spacing  of  hydrophones  12.5  ft 

ELectrical  hookup  All  in  parallel  or  led  to  the  ship  individually 

for  array  shading 

Type  of  tubing  Clear  polyvinyl  chloride  1.75"  I.D.  x  0.25" 

thickness 

B.  F.  Goodrich  Sonar  hose,  nylon  reinforced 
neoprene  1.75"  I.D.  x  0.125"  wall  thickness 
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Physical  length  of 

array  100-150  ft 

Operating  sensitivity  p 

-84  db  re  1  volt/dyne/cm  at  125  Hz 


Operating  impedance  75  ohms 

Coupling  fluids  Water,  castor  oil,  silicones,  diesel  fuel 

Towing  cable  Three  conductor,  shielded;  l4  conductor  shield¬ 

ed;  copperweld  conductors,  neoprene  cable  jacket 

The  MP-4  is  a  hybrid  variable  reluctance  hydrophone 
whose  operation  depends  upon  air  as  an  acoustical  link  between  the 
hydrophone  jacket  and  the  moving  coil  sensors  within.  Even  at  modest 
confining  pressures,  it  was  found  that  the  air  inside  the  hydrophone 
would  permeate  the  outer  hydrophone  jacket  (diaphragm)  until  the 
diaphragm  collapsed  and  sensitivity  was  lost .  It  is  now  apparent 
that  this  permeability  problem  was  not  unique  with  the  MP-4  but  seems 
inherent  to  hydrophones  that  depend  upon  air  as  a  pressure  coupling  or 
release  medium. 

The  undamped  frequency  response  of  the  MP-4  is  strongly  peaked 
and  slopes  off  at  nearly  12  db  per  octave  above  and  below  125  Hz. 

This  is  a  partial  advantage  in  that  the  latter  frequency  is  generally 
well  suited  to  deep-ocean  seismic  profiling.  The  MP-4  was  used  ex¬ 
tensively  in  the  later  stages  of  explosives  profiling  but  its  accelera¬ 
tion  sensitivity  was  too  high  for  low  energy  sound  sources.  The  life 
expectancy  of  the  MP-4  rarely  exceeded  1-2  months  of  use. 


Hydrophone 


Hall  Sears  MP-6 


Unit  impedance  56O  ohms 

2 

Unit  sensitivity  -11 4  do  re  1  volt/dyne/cm1-  when  properly  damped 

All  aspects  of  the  MK-VI  eels  were  identical  to  the  MK-V,  ex¬ 
cept  for  the  hydrophones .  The  MP-6  is  a  crystal  bimorph  type  of 
phone  which  also  contains  a  matching  transformer.  Wien  properly 
damped  the  MP-6  operating  sensitivity  was  found  to  be  impractically 
low.  Also  its  tendency  to  become  insensitive  with  use  and  confining 
pressure  was  similar  to  the  MP-4.  Wien  properly  damped,  its  frequency 
response,  however,  was  far  superior  to  any  of  the  earlier  Hall  Sears 
designs . 

MK-VI I 
Hydrophone 
Unit  impedance 
Unit  sensitivity 
Number  of  hydrophones 
Hydrophone  spacing 
Electrical  hookup 

Preamplifier 

Array  operating 
sensitivity 

Operating  impedance  50  ohms 


Hall  Sears  MP-7^  crystal  bimorph 
.007  uf 

2 

-92  db  re  1  volt/dyne/cm 
20 

2.5  ft 

Series  parallel.  Five  parallel  groups  of  hydro¬ 
phones  with  four  series  phones  in  each  group. 

Darlington  type  circuit.  Input  impedance  1.5 
megohms;  output  impedance  50  ohms;  gain 
18-20  db 

-60  db  re  1  volt /dyne /cm'- 
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Type  of  tubing 

Clear  polyvinyl  chloride;  1.75"  I.D.  x  0.2b" 
wall  thickness 

Physical  length  of 
array 

75-100  ft 

Towing  cable 

Three  conductor  shielded;  copperweld  conductors, 
neoprene  cable  jacket. 

The  small  size  of  the  MP-7  is  well  suited  to  array  applica¬ 
tions  and  particularly  with  small  tubing  diameters .  The  initial 
performance  of  the  phone  was  outstanding  with  low  energy  sources . 
However,  its  signal-to-noise  ratio  varied  markedly  with  changes  in 
towing  conditions.  As  with  most  hydrophones  whose  operation  depends 
on  air,  the  MP-7  would  become  insensitive  after  a  short  period  of  use. 
This  problem  was  simpler  to  deal  with  in  the  MP-7  than  in  variable 
reluctance  hydrophones  but  it  happened  all  too  frequently. 


MtC-IX 

Hydrophone 

Back-to-back  series  pair  of  Electrotechnical 
Laboratories  EVP-9  crystal  bimorphs 

Unit  impedance 

.007  uf 

Unit  sensitivity 

2 

-86  to  -84  db  re  1  volt /dyne/cm 

Humber  of  hydrophones 

8,  16 

Hydrophone  spacing 

6  ft,  3  ft 

Electrical  hookup 

Pour  parallel  groups  with  four  hydrophones  in 
series  in  each  group. 

Preamplifier 

Darlington  type  circuit;  input  impedance 

1.5  megohms;  output  impedance  50  ohms;  gain 
18-20  db 

Operating  sensitivity 

2 

-54  to  -52  db  re  1  volt/dyne/cm 
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Type  of  tubing  a)  clear  polyvinyl  chloride;  1.75"  I-D-  x 

0.25"  wall  thickness 

b)  clear  polyvinyl  chloride;  1.125"  I.D.  x 
.1875  wall  thickness 

Physical  length  of 

array  75-100  ft 

The  initial  performance  of  the  MIC- IX  eels  was  outstanding 
particularly  in  that  they  seemed  less  sensitive  to  variations  in  tow¬ 
ing  conditions.  This  advantage  was  attributed  to  the  lower  degree  of 
acceleration  sensitivity  of  the  elements .  The  l6— element  arrays  have 
given  the  best  results.  Due  to  a  fairly  wide  range  in  EVP-9  sensi¬ 
tivity,  it  is  advantageous  to  match  the  hydrophones  in  each  array. 
While  the  individual  EVP-9  elements  tend  to  collapse  and  lose  sensi¬ 
tivity  after  two  to  three  months  of  use,  this  represents  a  somewhat 
longer  period  of  service  than  experienced  with  other  units  but  the 
process  of  restoring  the  original  unit  sensitivity  is  equally  un¬ 
pleasant.  The  EVP-23,  a  new  commercial  version  of  the  paired  EVP-9 
detectors,  represents  a  vast  improvement  in  uniformity,  serviceability 
and  probable  dependability. 

A  long  and  fairly  small  diameter  eel  (1.5  O.D.)  also  con¬ 
structed  from  pairs  of  EVP-9  elements  was  found  to  give  a  quieter 
performance  in  following  seas  than  the  standard  arrays .  This  apparent 
improvement  in  signal-to-noise  ratio  has  been  attributed  in  part  to 
reduced  tow  cable  vibration  resulting  from  the  lower  drag  forces  in¬ 
volved  with  smaller  diameter  tubing.  Unfortunately,  the  closer  fit 
of  the  hydrophone  spring  inside  the  eel  tubing  created  maintenance 
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difficulties  and  the  small -diameter  projects  were  temporarily  abandoned 


MK-X 

Hydrophone 

Clevite  type  CH-13E,  ceramic  crystal  rings 

Unit  sensitivity 

2 

-92  db  re  1  volt /dyne/ cm 

Number  of  hydrophones 

8 

Hydrophone  spacing 

6  ft 

Electrical  hookup 

Two  parallel  groups  of  four  series  hydrophones 

Preamplifier 

Darlington  type  circuit  1.5  megohm  input 
impedance;  50  ohms  output  impedance;  18-20 
db  gain 

Operating  sensitivity 

2 

-60  db  re  1  volt /dyne /cm 

Operating  impedance 

50  ohms 

Type  of  tubing 

Clear,  polyvinyl  chloride;  2.0"  I.D.  x  0.25" 
wall  thickness 

Physical  array  length 

100  ft 

The  MK-X  array  gave  satisfactory  results.  The  greatest 
virtues  of  the  CH-13E  are  its  -uniform  hydrophone  sensitivity,  wide 
depth-range  of  operation,  low  acceleration  sensitivity,  and  freedom 
from  desensitization  with  use.  Unfortunately,  it  is  relatively  large 
and  costly  for  eel  applications  and  its  location  inside  an  array  re¬ 
quires  care  to  prevent  its  pistons  from  coming  into  contact  with  the 
eel  casing.  The  performance  of  the  MK-X  eel  is  roughly  comparable  to 
a  MK-IX  eel  with  eight  matched  elements.  The  trouble-free  operation 


of  the  CH-13E  hydrophone  is  well  worth  considering. 
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Conclusions 

The  preceding  discussion  has  presented  the  basic  designs  of 
the  line  hydrophone  arrays  used  in  the  Lamont  marine  geophysical  pro¬ 
grams  over  the  past  six  years.  Minor  ramifications  of  these  designs 
are  not  included  for  purposes  of  clarity.  All  arrays  or  eels  have 
been  required  to  provide  satisfactory  and  continuous  seismic  reflec¬ 
tion  data  at  speeds  of  10-12  knots  and  in  all  deep  ocean  areas.  This 
aim  was  easily  achieved  with  high  energy  sound  sources  such  as  ex¬ 
plosives  ,  but  lower  energy  sources  such  as  sparkers,  boomers  and  air 
guns  have  required  the  development  and  use  of  more  sensitive  detectors 
with  very  low  acceleration  sensitivities.  While  Lamont  has  found  that 
certain  types  of  crystal  bimorph  detectors  are  well  suited  to  low- 
energy  profiling^  other  types  of  hydrophones  may  be  equally  useful  and 
particularly  those  using  crystal  cylinders.  This  seems  particularly 
important  when  one  considers  that  all  the  evaluated  bimorphs  have  had 
depth  limitations  and  a  restricted  life  span.  The  latter  problem  is 
easily  treated  but  no  permanent  cure  is  anticipated. 

The  most  successful  array  construction  to  date  has  been  the 
MK-IX  variety  which  is  currently  in  use  in  seismic  reflection  work 
aboard  the  research  vessels,  VEMA,  R03ERT  D.  CONRAD,  and  ELTANIN. 
Further  effort  is  being  made  to  evaluate  very  long,  small  diameter 
eels  in  anticipation  of  a  growing  need  for  more  detailed  seismic  in¬ 


vestigation. 
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